Abstract The latest seismic data and improved information about the subglacial bedrock relief are used in this study to estimate the sediment and crustal thickness under the Antarctic continent. Since large parts of Antarctica are not yet covered by seismic surveys, the gravity and crustal structure models are used to interpolate the Moho information where seismic data are missing. The gravity information is also extended offshore to detect the Moho under continental margins and neighboring oceanic crust. The processing strategy involves the solution to the Vening Meinesz-Moritz's inverse problem of isostasy constrained on seismic data. A comparison of our new results with existing studies indicates a substantial improvement in the sediment and crustal models. The seismic data analysis shows significant sediment accumulations in Antarctica, with broad sedimentary basins. According to our result, the maximum sediment thickness in Antarctica is about 15 km under Filchner-Ronne Ice Shelf. The Moho relief closely resembles major geological and tectonic features. A rather thick continental crust of East Antarctic Craton is separated from a complex geological/tectonic structure of West Antarctica by the Transantarctic Mountains. The average Moho depth of 34.1 km under the Antarctic Electronic supplementary material The online version of this article
Introduction
A pioneering study of the Antarctic crustal structure can be attributed to Evison et al. (1960) . They estimated, based on the analysis of surface wave dispersion, that the crustal thickness in East Antarctica and Marie Byrd Land is around 35 and 25 km, respectively. Regional studies of surface wave velocities were conducted by Kovach and Press (1961) , Bentley and Ostenso (1962) , Dewart and Toksoz (1965) , Adams (1971) , Knopoff and Vane (1978) , Rouland et al. (1985) , Forsyth et al. (1987) , Roult et al. (1994) , Bannister et al. (2003) , and others. Deep seismic sounding profiles were carried out by Kogan (1972) , Kolmakov et al. (1975) , Fedorov et al. (1982) , and Ito and Ikami (1986) . Kogan (1972) and Ito and Ikami (1986) used localized controlled source seismic experiments. A seismic receiver function analysis was carried out by Winberry and Anandakrishnan (2004) , Reading (2006) , Lawrence et al. (2006) , Hansen et al. (2009) , Chaput et al. (2014) , and Ramirez et al. (2016) . Since a lack of intraplate seismicity in Antarctica (e.g., Okal 1981) , passive seismic studies of earthquakes occurring mostly outside the Antarctic tectonic plate also represent a significant source of information about the Antarctic crustal structure. Nevertheless, the current knowledge about the Antarctic geological and tectonic structure is still limited due to a low spatial coverage of high-quality seismic data. Some authors, therefore, used the gravity, topographic, and ice thickness information to predict the crustal thickness in Antarctica. von Frese et al. (1999) , for instance, estimated an average crustal thickness from 35 to 45 km across East Antarctica based on the analysis of the surface topography and ice thickness measurements from the BEDMAP1 project (Lythe et al. 2001) . Studinger et al. (2004 Studinger et al. ( , 2006 used results from airborne gravity surveys to study the crustal structure in parts of Antarctica.
The first (continental-scale) Antarctic crustal models were published by Bentley (1991) and Groushinsky et al. (1992) . They derived the Moho depth from several deep seismic sounding profiles including gravity data, while interpolating information across wide data gaps. According to their results, the Moho depth varies typically between 25 and 30 km along coastal margins, and deepens to about 50 km in central parts of East Antarctica. Ritzwoller et al. (2001) used the simultaneous inversion of broadband group velocity measurements to compile a seismic model of the crust and the upper mantle beneath Antarctica and surrounding oceans. Llubes et al. (2003) estimated the crustal thickness in Antarctica using the CHAMP satellite-derived gravity data (Reigber et al. 2002) . Block et al. (2009) estimated the crustal thickness from the GRACE satellite gravity data (Tapley et al. 2004) . Jordan et al. (2010) estimated the Moho depth for West Antarctica from the aero-gravity and aeromagnetic data. They identified a thin crust (18-20 km) under Pine Island Glacier, Bentley Trench, and Byrd Subglacial Basin, whereas the Moho depth under the Ellsworth Mountains is about 35 km. Ferraccioli et al. (2011) found a thickened continental crust under the Gamburtsev Mountains (45-58 km). Moreover, the neighboring Precambrian provinces have a normal (Prince Charles Mountains) or thinned (Lambert Rift) continental crust. Jordan et al. (2013) investigated the crustal structure of the Wilkes Subglacial Basin using airborne gravity data. They estimated that the crustal thickness under the northern and southern parts of Wilkes Subglacial Basin is about 30 and 35 km, respectively. Baranov and Morelli (2013) compiled the seismic Antarctic Moho model (ANTMoho) based on the analysis of seismic experiments, receiver functions, and available geological evidence. They identified three distinctive features in the Antarctic Moho relief, comprising the oldest Archean and Proterozoic crust of East Antarctica with the Moho depth between 36 and 56 km (with an average of about 41 km), the continental crust of the Transantarctic Mountains including the Antarctic Peninsula and Wilkes Basin with the Moho depth typically from 30 to 40 km (with an average of about 30 km), and the youngest rifted continental crust of the West Antarctic Rift System with the Moho depth ranging from 16 to 28 km (with an average of about 26 km). According to their estimates, the average Moho depth for the whole Antarctic continent is 33.8 km. Chaput et al. (2014) further improved the current knowledge about the crustal thickness across West Antarctica, including the West Antarctic Rift System, Marie Byrd Land dome, and the Transantarctic Mountains margin. They used the P-to-S receiver functions from seismographic stations of the POLENET-ANET project (the West Antarctic and Transantarctic Mountains portion of the Polar Earth Observing Network) that was funded as a part of the International Polar Year (IPY). According to their estimates, the crustal thickness in that region varies from 17.0 ± 4 km at Fishtail Point in the western part of the West Antarctic Rift System to 45 ± 5 km at Lonewolf Nunataks in the Transantarctic Mountains. In the most recent study, O'Donnell and Nyblade (2014) presented a continental-scale crustal thickness model for Antarctica, derived from the GOCO03S global gravitational model (Mayer-Gürr et al. 2012 ) and constrained on the seismic crust thickness estimates. They reported an average crustal thickness of about 40 km for East Antarctica (a value typical for continental shields) and 24 km for West Antarctica. They also estimated locally a significant Moho deepening (exceeding 50 km) beneath the Gamburtsev Subglacial Mountains, the Vostok Highlands, and parts of the Transantarctic Mountains and Dronning Maud Land. The Moho depth for other regions of East Antarctica (Enderby Land, Aurora Basin, and Wilkes Subglacial Basin) is typically about 40 km. They found the deepest Moho in West Antarctica (29-34 km) under Marie Byrd Land, the Ellsworth-Whitmore Mountains and part of Antarctic Peninsula, whereas for other regions of West Antarctica, the Moho depth is about 23-27 km with an extreme continental crustal extension under the Ross Sea and Weddell Sea Embayment. An et al. (2015) compiled a regional crustal model using data from 122 broadband seismic stations and about 10,000 Rayleigh waves. They reported a thick crust under the East Antarctic Mountain Ranges with a maximum Moho deepening under the Gamburtsev Mountains (about 60 km). They also estimated a rather thin crust (about 25 km) in West Antarctica with thinnest crust under Ross Ice Shelf and an intermediate crust (30-45 km) under the Transantarctic Mountains.
In the absence of seismic data, gravimetric methods are often applied to detect the Moho interface based on adopting a particular hypothesis about an isostatic mass balance. Pratt's (1855) theory assumed a variable density of compensation, while Airy's (1885) theory was based on assuming a variable depth of compensation. Both these isostatic models assume only a local compensation mechanism. Vening Meinesz (1931) modified Airy's theory by introducing a regional compensation scheme for a thin plate lithospheric flexure model. A regional compensation model was later utilized also in Parker-Oldenburg's isostatic method (Parker 1972; Oldenburg 1974) by assuming a variable crustal thickness, while adopting a uniform Moho density contrast. Parker-Oldenburg's method was presented for a planar approximation and solved by applying the fast Fourier transform (FFT) technique. Moritz (1990) generalized Vening Meinesz's inverse problem for a global compensation mechanism and a spherical approximation of the Earth. Later, Sjö-berg (2009) reformulated Moritz's problem, called Vening Meinesz-Moritz's inverse problem of isostasy, as that of solving (nonlinear) Fredholm's integral equation of the first kind. The solutions by Moritz (1990) and Sjöberg (2009) use the same idea, but the former (and also Parker-Oldenburg's method) applies an iterative approach, while the latter provides a direct solution.
Following the latest update on ice thickness and seismic data, we used the BEDMAP2 subglacial relief (Fretwell et al. 2013) and results from the analysis of teleseismic receiver functions, seismic reflection, and refraction data (Baranov and Morelli 2013) , including results from processing the POLENET-ANET receiver functions (Chaput et al. 2014) to compile a new seismic Moho model for the Antarctic continent. We further used these seismic data to provide new estimates of the continental sediment thickness. Since seismic data in Antarctica are still sparse and irregularly distributed, we used the gravity and crustal structure models to interpolate the Moho information in regions where seismic data are missing. In existing studies investigating the Moho interface under Antarctica, isostatic models were applied based on assuming a local compensation mechanism and adopting a planar approximation. Llubes et al. (2003) , for instance, estimated the crustal thickness in Antarctica based on applying a simple linear relation between the crustal thickness and the planar Bouguer gravity reduction. Block et al. (2009) derived the crustal thickness from gravity data based on applying Parker-Oldenburg's method, and O'Donnell and Nyblade (2014) derived the Antarctic crustal thickness from the gravity and topographic models according to Airy's theory. To determine the Moho depth in Antarctica from gravity data more realistically, we applied in this study Vening Meinesz-Moritz's isostatic scheme. As demonstrated by Eshagh (2016) , the Moho depth differences between values obtained based on applying Airy and Vening Meinesz-Moritz's isostatic schemes reach several kilometers. The isostatic gravity data we used for a gravimetric Moho recovery were evaluated from the GOCO05S gravitational model (Mayer-Gürr et al. 2015) and the ETOPO1 topographic/bathymetric data (Amante and Eakins 2009) . Since most of Antarctica is covered by continental glaciers (Fig. 2b) , we applied the ice stripping gravity correction that was computed from the BEDMAP2 ice thickness data. We further applied the sediment stripping gravity correction and computed from the CRUST1.0 global sediment dataset (Laske et al. 2013 ), which we regionally updated according to our new sediment model for the Antarctic continent. Furthermore, we adopted the density model of marine sediments developed by Tenzer and Gladkikh (2014) to evaluate the gravitational contribution of marine sediment deposits.
A subsequent part of the article begins with a summary of the Antarctic geological and tectonic setting in Sect. 2. Results of seismic data analysis are presented in Sect. 3, and gravimetric results are shown in Sect. 4. The combined (gravimetric-seismic) Moho model for Antarctica is compiled in Sect. 5, and then compared with the gravimetric and seismic models in Sect. 6. Uncertainties of estimated Moho models and the results are discussed in Sects. 7 and 8, and major findings are given in Sect. 9.
Antarctic Geological and Tectonic Setting
The Antarctic tectonic plate was formed around 35 Myr ago after breakup from Gondwana and moving south to its present isolated polar location that has led to a development of the present-day hyper-arid, cold polar climate (Stonehouse 2002) . The Antarctic plate (extending over an area of 60 9 10 6 km 2 ) is bounded almost entirely by the extensional midoceanic ridge systems and bordered with the Nazca, South American, Somali, African, Australian, Pacific, and Juan Fernandez adjacent plates, the Scotia plate across a transform boundary including the Sandwich and Shetland (micro)plates (Fig. 1) . A prevailing horizontal motion of the Antarctic plate was estimated to be at least 1 cm/year toward the Atlantic Ocean.
The Antarctic continent (extending over an area of 14 9 10 6 km 2 ) is almost entirely covered by continental glaciers (about 99%) with a maximum thickness reaching 4.6 km (see Fig. 2b ) and an average thickness of 1.94 km (cf. Fretwell et al. 2013) . The subglacial relief is very complex and ranges from -2.5 to 4.0 km (Fig. 2a) . The maximum topographic elevations reach 4.9 km (Mt. Vinson). The three largest mountain ranges on the Antarctic continent are the Transantarctic Mountains and the West and East Antarctica ranges (Bentley 1991) .
The Antarctic plate formation to its present stage involved major geological episodes throughout the Proterozoic Eon, Paleozoic, Mesozoic, and Cenozoic periods. The Grunehogna, Napier, and Mawson cratons of East Antarctica preserved the evidence of tectonic activity from the Archean (Baranov and Bobrov 2017, in press ). The initial breakup between Australia, India, and Antarctica occurred in the Early Cretaceous. The Late Cretaceous was characterized by the main phase of extensional tectonism between Fig. 1 Antarctic tectonic plate configuration retrieved from the updated tectonic map of Bird (2003) Surv (Dalziel and Elliot 1982; Dalziel 1992) . Tectonic processes from the Late Cretaceous onwards have been dominated by the uplift and rifting between West and East Antarctica along what is now known as the West Antarctic Rift System, which represents one of the largest continental extensional zones consisting of accreted terranes (Wörner 1999) . The subglacial relief map of West Antarctica (Fretwell et al. 2013 ) revealed significant variations consisting of deep trenches (Bentley Trench) and elevated topography (Ellsworth Mountains and Antarctic Peninsula). The Ross Sea is a part of the West Antarctic Rift System, a crustal rift between the Transantarctic Mountains and the uplifted area of Marie Byrd Land (Behrendt et al. 1991) . Subglacial topographic features comprise also three major sedimentary basins, namely the Victoria Land Basin, the Central Basin, and the Eastern Basin, that are separated by the Coulman High and the Central High (Trey et al. 1999) . Marie Byrd Land, located east of the Ross Ice Shelf and the Ross Sea, is a large intraplate volcanic province (Hole and LeMasurier 1994) . The opening of the West Antarctic Rift is closely related to the uplift and formation of the Transantarctic Mountains that begun in the Early Cenozoic. The Transantarctic Mountains are the largest non-collisional mountains in the world (ten Brink et al. 1997) , with no evidence of a compressional origin, and thus different from most mountain ranges of a similar size (Studinger et al. 2004 ). West Antarctica is formed by a number of relatively small plate fragments that have been merged together along the southeastern Pacific compressional plate boundary. The most significant among them are the Ross Sea and Ross Ice Shelf region, Marie Byrd Land with the Bentley Trench, the Ellsworth-Whitmore Mountains, the Antarctic Peninsula, and the Filchner-Ronne Ice Shelf with the Weddell Sea (Dalziel and Elliot 1982) . Each block has its own specific geological history (Dalziel 1992) . These crustal blocks are separated by fault systems, marked by deep ice-filled trenches.
Seismic Study
The seismic dataset for Antarctica comprised results from the analysis of teleseismic receiver functions, seismic reflection, and refraction data (Molinari and Morelli 2011 ) that were used to compile the ANTMoho model by Baranov and Morelli (2013) . Moreover, we included results from processing the POLENET-ANET receiver functions that were used to determine the crustal thickness of West Antarctica by Chaput et al. (2014) . A geographical distribution of seismic data is shown in Fig. 3 .
Seismic Moho Model
We used data from 226 seismic stations and profiles to compile a new seismic Moho model for the Antarctic continent by applying a processing strategy similar to that used for the construction of recent continental-scale crustal models, for instance, by Grad et al. (2009) , Baranov (2010) , Lloyd et al. (2010) , and Molinari and Morelli (2011) . For this purpose, we Surv Geophys (2018) 39:23-56 29 first inspected the quality of seismic data and then used them together with the BEDMAP2 subglacial bedrock relief to generate the Moho contours by applying a standard kriging technique with a linear variogram, while setting a scale factor equal to one. The linear variogram was intended for finding a local vicinity of the observed point and for weighting the observed points used in the function interpolation at a given grid point. The idea behind this geostatistical method is to reproduce trends that were estimated from combining the seismic data and the subglacial bedrock relief. Moreover, we set kriging parameters so that the interpolation area extended from the South Pole to the parallel 60 arc-deg of the southern latitude, with the 1 9 1 arc-deg equiangular geographical grid and no anisotropy. The resulting Moho grid was then limited by the Antarctic coastline (except for some small offshore areas). The seismic Moho model for the Antarctic continent is presented in Fig. 4 (for statistics see Table 4) . The new seismic model shows significant Moho depth variations. The average Moho depth under the Antarctic continent of 34.1 km closely agrees with a typical continental crustal thickness of about 34-35 km (according to global Moho models, e.g., CRUST1.0). The minimum Moho depth is detected in West Antarctica under the Ross Sea Ice Shelf (1-24 km) and Bentley depression (20-22 km). The maximum Moho deepening was detected under the Gamburtsev Subglacial Mountains (56-58 km) and Dronning Maud Land (48-50 km). Except for the Antarctic Peninsula (34-38 km) and Ellsworth Mountains (32-36 km), West Antarctica is characterized by a thin continental crust. Broad 
Comparison of Seismic Moho Models
A regional comparison of our result with the global seismic crustal model CRUST2.0 (Bassin et al. 2000) and its more recent version CRUST1.0 (Laske et al. 2013 ) revealed significant differences (see Fig. 5a , b). In addition, we also compared our result with the regional seismic model ANTMoho (Baranov and Morelli 2013) . Also in this case, we can see large localized differences (see Fig. 5c ). 
Seismic Sediment Model
Large parts of Antarctica are formed by subglacial sedimentary basins (Studinger et al. 2003; Bamber et al. 2006 ). However, throughout most of the Antarctic continent, the subglacial sediment structure is unknown. Since the distribution and character of subglacial sedimentary basins is one of the key constraints dictating basal ice dynamics (Blankenship et al. 1986; Alley et al. 1987) , existing sediment thickness estimates have mainly been concentrated around regions of ice streaming in both East and West Antarctica, where the presence of sediments modulates ice-flow velocities. Among these estimates, Bamber et al. (2006) find evidence of 3-km-thick sediment accumulations below ice streams in East Antarctica (Slessor Glacier). Bell et al. (1998) reported the sediment thickness 1.0-2.4 km below ice streams in West Antarctica, while Anandakrishnan et al. (1998) estimated that, approximately 100 km away at the onset of streaming ice, the sediment is only 400-600 m thick. Sediment thickness estimates in the deep interior of Antarctica are rare. We applied a numerical scheme used for a Moho modeling (in Sect. 3.1) to estimate the sediment thickness from the seismic data and the BEDMAP2 subglacial bedrock relief. Since sediment deposits are rather thick in some parts of Antarctica while the seismic velocity changes rapidly with depth, we compiled the sediment thickness model using three individual stratigraphic layers according to CRUST1.0. The upper sediment layer included all sedimentary basins with a thickness less than 2 km. For sedimentary basins of which thickness exceeds 2 km, we used this layer to describe a sediment density distribution down to 2 km. Below 2 km, we applied the middle sediment layer to describe sediment deposits down to the depth of 7 km and additional lower layer for sedimentary basins of which thickness exceeds 7 km. According to the empirical model between the P-wave velocity and the density (Brocher 2005) , the sediment density in Antarctica varies from 2150 to 2500 kg m -3
. The thickness and P-wave velocities of sediment layers are summarized in Table 1 . The seismic model of the total sediment thickness for Antarctica is shown in Fig. 6 .
The sedimentary basins in Antarctica have different properties as well as origin. In West Antarctica, most of large sedimentary basins are associated with the extensional tectonism of that region. In the Ross Sea regions, the largest sedimentary deposits are accumulated along the Victoria, Central, and Eastern basins with the sediment thickness up to about 7 km according to the seismic profile ACRUP (Trey et al. 1999) . The sedimentary basins attributed to the continental crustal extension were formed also in Weddell Sea Embayment, with the largest sedimentary basin under Filchner-Ronne Ice Shelf. According to results of seismic surveys presented by Huebscher et al. (1996) and Leitchenkov and Kudryavtzev (1997) , the sediment thickness there varies from 2 to 14 km. Such large sediment accumulations in that region were also confirmed from the magnetic study conducted by Golynsky and Aleshkova (1997) . According to the P-wave velocity diagram for WAIS station (Chaput et al. 2014) , the thickness of sedimentary deposits in Bentley depression is about 4 km. Between Bentley depression and Ross Ice Shelf, the sediment thickness changes from 1 km (Rooney et al. 1987 ) to 2 km (Munson and Bentley 1992) . Near the coast (Pine Island Glacier), the sediment thickness varies up to 2 km ). Compared to West Antarctica, sedimentary basins in East Antarctica are much smaller. The sediment thickness in Lambert Rift is about 2-6 km (cf. Kolmakov et al. (Kolmakov et al. 1975; Fedorov et al. 1982; Stagg et al. 2004) 0-6 0-2 0-4 0 3.4-3.5 3.6-3. Filchner-Ronne Ice Shelf (Huebscher et al. 1996; Leitchenkov and Kudryavtzev 1997) 2-15 2 0-5 0-7 2.7-3.0 3.7-3.9 4.8 Surv Geophys (2018) 39:23-56 33 1975; Mishra et al. 1999; Stagg et al. 2004) . Another thick sediment deposits were detected in Vostok Basin, being the largest subglacial lake in East Antarctica, with a positive subglacial relief along the coast and the bedrock relief 1 km below sea level in its central part. According to geophysical data (Filina et al. 2008; Isanina et al. 2009 ), the sediment thickness there is about 2-4 km. The sediment thickness in Wilkes Subglacial Basin reaches 1 km (Frederick et al. 2016; Agostinetti et al. 2005) . From the subglacial relief, we suggest that the sediment thickness in Aurora Basin and Adventure Trough is about 1 km (see Fig. 6 ).
Comparison of Seismic Sediment Models
Our results revealed large inconsistencies with the CRUST1.0 sediment thickness data in Antarctica (see Fig. 7 ). According to Laske et al. (2013) , the average sediment thickness in the Antarctic continent is 0.6 km with maxima up to 5 km, while our result (Fig. 6) indicates that the average sediment thickness is 0.9 km with maxima up to 15 km under Filchner-Ronne Ice Shelf. 
Seismic Consolidated Crustal Model
The depth down to the consolidated (crystalline) basement and the Moho interface are among parameters most reliably determined from seismic data. Seismic data can also be used to construct a more detailed model of the consolidated crust. However, the situation with the detection of individual stratigraphic layers within the crystalline crust is more complicated than with the Moho depth estimation is because, depending on a given level of detail and a particular purpose of the analysis, different methods might provide a rather different stratification even in the same region. Here we applied again a three-layer model of the consolidated crust in order to ensure the consistency with CRUST1.0. However, it is worth mentioning that not all seismic data used for a Moho recovery were suitable for a detailed modeling of the crustal structure as well as for seismic velocity estimates. To assure the quality, we processed data only from seismic profiles that are the most appropriate for a stratification of the crystalline crust. In this respect, the most representative map for particular layers of the consolidated crust with seismic velocities was compiled for Dronning Maud Land (Hungeling and Tyssen 1991; Kudryavtzev et al. 1991; Kogan 1971) , Enderby Land (Kanao et al. 2011) , Lambert Rift, Prince Charles Mountains, Princes Elizabeth Land (Kolmakov et al. 1975; Fedorov et al. 1982) , Ross Sea (Trey et al. 1999) , Filchner-Ronne Ice Shelf (Huebscher et al. 1996; Leitchenkov and Kudryavtzev 1997) , Antarctic Peninsula (Grad et al. 1993) , and Marie Bird Land (Kalberg and Gohl 2014) . In our study, we used these seismic profiles to construct a three-layer model of the consolidated crust by interpolating a relative thickness of individual consolidated crustal layers with respect to their total thickness, because the percentage ratio of the thicknesses of particular layers varies more smoothly than their absolute thicknesses. Hence, we first interpolated relative thicknesses of the upper and middle layers, and subsequently determined a thickness of the bottom layer as a supplement up to 100%. We then converted these results into absolute values by multiplying them with the total thickness of the consolidated crust at each location. In regions where information about the crustal stratification is missing, we adopted values from CRUST1.0. In this way, we constructed a regional model of the consolidated crust, comprising information about the thickness and velocity of each layer. According to the empirical model between the P-wave velocity and the density (Brocher 2005) , the density in Antarctica varies from 2530 to 2780 kg m -3
(within the upper consolidated crustal layer), from 2673 to 2860 kg m -3 (within the middle layer), and from 2740 up to 3120 kg m -3 (within the lower layer). The thickness and P-wave velocities of consolidated crust layers are summarized in Table 2 .
To better illustrate tectonic features of the Antarctic continent, we show the total thickness of the consolidated crust (i.e., the crustal thickness without the glacial and sediment covers) in Fig. 8 
Gravimetric Moho Model
We used the gravity, ice thickness, and crustal structure models to determine the Moho depth. This involved the use of gravity data over a broader area covering marginal seas and parts of the Southern Ocean in order to study the offshore extension of the Antarctic continental crust. The gravimetric Moho recovery was realized in two steps. Firstly, we (Hungeling and Tyssen 1991; Kudryavtzev et al. 1991; Kogan 1971) 32-50 12-16 10-16 10-18 5.5-6.1 6.1-6.2 6.3-6.4
Enderby Land (Kanao et al. 2011) 36-40 16-20 10 10 6.1-6.3 6.5-6.6 6.8
Lambert Rift, Prince Charles Mountains, Princes Elizabeth Land (Kolmakov et al. 1975; Fedorov et al. 1982; Mishra et al. 1999; Stagg et al. 2004; Reading 2006) 18 Bentley depression (Winberry and Anandakrishnan 2004; Chaput et al. 2014) 16-20 ------Marie Byrd Land (Chaput et al. 2014; Kalberg and Gohl 2014) 26-30 6-10 8 12 5.5 6.0-6.5 6.5-7.5
Antarctic Peninsula (Grad et al. 1993) 30-38 8-10 6-10 16-18 5.6 6.2 6.6
Filchner-Ronne Ice Shelf (Huebscher et al. 1996; Leitchenkov and Kudryavtzev 1997) 12-20 3-5 3-5 6-10 5.0-5.5 6.5 7.1-7.4
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Gravimetric Forward Modeling
The gravimetric forward modeling was applied to compute the Bouguer and consequently isostatic gravity data.
Bouguer Gravity Data
We applied the topographic g T and stripping gravity corrections due to density contrasts of the ocean (i.e., bathymetry) g B , ice g I , and sediments g S to the (free-air) gravity disturbances dg in order to account for significant contributions of a rough subglacial relief, bathymetry (offshore), continental glaciers, sedimentary basins (inland), and marine sediments (offshore). The computation was performed according to the following scheme (Tenzer et al. 2009 ) Fig. 8 Seismic model of the consolidated crust thickness for Antarctica, including the seismic data sources that were used
where dg cs denotes the refined (Bouguer) gravity disturbance. Tenzer et al. (2015) demonstrated that the application of these gravity corrections yields the refined (Bouguer) gravity data that have a high spatial correlation with the Moho geometry. However, these gravity data still comprise the gravitational signal of (unmodeled) mantle density heterogeneities as well as errors due to crustal model uncertainties. The (long-wavelength) gravitational signature of the mantle can be removed either by applying spectral filtering techniques (Bagherbandi and Sjöberg 2012 ; see also Eckhardt 1983; Bowin et al. 1986) or by combining the gravity and seismic data. We applied the latter method.
The (free-air) gravity disturbances dg in Eq. (1) were computed from the disturbing potential coefficients T n;m as follows (e.g., Heiskanen and Moritz 1967) 
where GM ¼ 3986005 Â 10 8 m 3 s -2 is the geocentric gravitational constant, R ¼ 6371 Â 10 3 m is the Earth's mean radius, Y n;m are the surface spherical functions of degree n and order m, and n is the upper summation index of spherical harmonics. The 3-D position in Eq. (2) and thereafter is defined in the spherical coordinate system r; X ð Þ, where r is the radius, and X ¼ /; k ð Þis the spherical direction with the spherical latitude / and longitude k.
The gravity corrections in Eq. (1) were computed using the following generalized expression (Tenzer et al. , b, 2015 
The potential coefficients V n;m of each volumetric density layer are defined by 
The coefficients {L kþ1þi ð Þ n;m ; U kþ1þi ð Þ n;m : k ¼ 0; 1; . . .; i ¼ 1; 2; . . .; I} in Eq. (5) describe the geometry and density (or density contrast) distribution within a particular volumetric density layer.
We computed the gravity disturbances from the GOCO05S coefficients (corrected for the GRS80 normal gravity parameters; Moritz 2000) complete with the spherical harmonic degree of 180 (Eq. 2) and used the same spectral resolution to compute the gravity corrections (Eqs. 3-5). The topographic and bathymetric stripping gravity corrections were computed from the ETOPO1 data. The average upper continental crustal density of 2670 kg m -3 (Hinze 2003) was adopted for the topographic and reference crustal density. The bathymetric stripping gravity correction was evaluated for a depth-dependent seawater density model ; see also Tenzer et al. 2011 Tenzer et al. , 2012c . We used the BEDMAP2 data to compute the ice stripping gravity correction (see Tenzer et al. 2015) for the glacial density of 917 kg m -3 (Cutnell and Kenneth 1995). The sediment stripping gravity correction was evaluated using the CRUST1.0 sediment data (for continental sedimentary basins outside of Antarctica), a new seismic sediment model for Antarctica (Fig. 7) , and a marine sediment density model (Tenzer and Gladkikh 2014; Chen et al. 2014 ). The regional maps of the free-air and refined Bouguer gravity disturbances, computed on a 1 9 1 arc-deg surface grid, are presented in Fig. 9 , and their statistical summaries are given in Table 3 .
The (free-air) gravity disturbances in Antarctica vary mostly within ±80 mGal, with gravity highs over the Antarctic Peninsula and large parts of East Antarctica and gravity lows mainly over the West Antarctic Rift System and the Transantarctic Mountains (Fig. 9a) . As seen in the regional map of the refined Bouguer gravity disturbances in Fig. 9b , the application of the topographic and stripping gravity corrections substantially modified the gravity field in Antarctica. The most pronounced feature in the gravity pattern is the contrast between the continental and oceanic lithospheric structure along continental Fig. 9 Regional gravity maps (mGal): a GOCO05S gravity disturbances and b refined Bouguer gravity disturbances Table 3 Statistics of the (stepwise) corrected gravity disturbances: the GOCO05S gravity disturbances dg (Fig. 9a) , the topography-corrected gravity disturbances dg T , the topography-corrected and bathymetrystripped gravity disturbances dg TB , the topography-corrected and bathymetry-and ice-stripped gravity disturbances dg TBI , the refined Bouguer gravity disturbances dg cs (Fig. 9b) , and the isostatic gravity disturbances dg i (Fig. 10b 
Isostatic Gravity Data
The isostatic gravity disturbances dg i were obtained from the refined Bouguer gravity disturbances dg cs after applying the compensation attraction g c (Moritz 1990) , so that (cf. Tenzer and Bagherbandi 2012a, b) 
It is worth mentioning here that we computed the isostatic gravity disturbances instead of more commonly used isostatic gravity anomalies for geophysical interpretations. These aspects were discussed by Sjöberg (2013) and Tenzer et al. (2016) , and numerically investigated by Tenzer and Bagherbandi (2012a, b) .The compensation attraction g c was computed from (Sjöberg 2009) 
where G ¼ 6:674 Â 10 À11 m 3 kg -1 s -2 is Newton's gravitational constant, Dq c=m is the Moho density contrast, and the values of the Moho depth D were used from our new seismic model (Sect. 3.1).
The compensation attraction is everywhere negative (Fig. 10a) , while the resulting isostatic gravity disturbances are typically positive offshore and negative inland with gravity lows over the Gamburtsev Subglacial Mountains (Fig. 10b ).
Moho Inversion
Vening Meinesz-Moritz's inverse problem of isostasy is defined in the following generic form (Sjöberg 2013 ) The integral kernel K in Eq. (8) is a function of the spherical angle w, and the parameter s ¼ 1 À D=R is a function of the Moho depth D. Its spectral form reads (cf. Sjöberg 2013)
where the Legendre polynomials P n are defined for the argument t ¼ cos w. The expression in Eq. (8) is (nonlinear) Fredholm's integral equation of the first kind. Its direct solution (up to a second-order term) was derived by Sjöberg (2009) in the following form
The Moho term D 1 in Eq. (10) was computed from the isostatic gravity coefficients dg i n;m as follows
The singularity for w ! 0 in the third constituent on the right-hand side of Eq. (10) was solved by applying the surface integration over the inner zone (cf. Sjöberg 2009).
The gravimetric Moho depth model is shown in Fig. 11 (for statistics see Table 4 ). The Moho depth under oceans is typically less than 15 km, while it increases to about 
Combined Moho Model
In order to reproduce the seismic model more realistically, we constrained the gravimetric solution by seismic data. For this purpose, we used the method of Bagherbandi and Sjöberg (2012) that was later applied, for instance, by Bagherbandi et al. (2013 Bagherbandi et al. ( , 2015 . The principle of this method is to compute the non-isostatic gravity correction in order to account for the differences between the gravimetric and seismic Moho models. The nonisostatic gravity correction is then applied to the isostatic gravity disturbances. The resulting isostatic gravity disturbances obtained after applying the non-isostatic correction were then used to compute the combined Moho model according to the VVM isostatic model (Eqs. 10 and 11). The result is shown in Fig. 12 (for statistics see Table 4 ). 
Comparison of Results
The comparison of our gravimetric and seismic models revealed only a small systematic bias (of about 2 km), but large (regional-scale) differences mostly within ±10 km (see Fig. 13a , and statistics of difference in Table 5 ). As shown in Fig. 13a , the gravimetric Moho depth is systematically underestimated under Dronning Maud Land, the Gamburtsev Mountains, and the Antarctic Peninsula, while overestimating under Filchner-Ronne Ice Shelf and the Ross Sea as well as along continental rift zones of the Lambert and Bentley Trenches. As expected, the combination of gravity and seismic data improved the RMS fit of the combined model with the seismic one (Table 5) , but the combined model systematically overestimates the Moho depth (Fig. 13b) . Moreover, the differences between these two models typically increase with the Moho depth so that we could see relatively small differences under the oceanic crust, continental margins and continental rift zones, with increasing differences under the extended continental crust, and the maximum differences under orogens corresponding to a maximum Moho deepening. Under the Ross Sea, Filchner-Ronne Ice Shelf, the Lambert and Bentley Trenches, the differences between the combined and seismic models are typically less than 1 km. Elsewhere within the Antarctic continent, these differences increase to 2-4 km and reach maxima of 4.9 km under Fig. 13 Differences between the Moho depth models (km): a gravimetric-seismic, b seismic-combined, and c CRUST1.0-combined Dronning Maud Land. In contrast to a relatively good agreement between the combined and seismic models, we could see significant misfit of the combined model with CRUST1.0, with the maximum differences locally exceeding even 20 km (Fig. 13c) .
Moho Uncertainties
The accuracy of newly developed combined Moho model for Antarctica depends on several factors, mainly related to a quality of input gravity and seismic data as well as available information on the crustal structure (involving topographic, bathymetric, ice thickness, sediment, and consolidated crust data). Large errors in estimated values of the Moho depth from seismic data were reported in different parts of the world. Grad et al. (2009) , for instance, demonstrated that the Moho depth uncertainties estimated using seismic data in Europe regionally exceed 10 km, with an average error of about 4 km. Even larger Moho depth uncertainties could be expected in Antarctica due to much lower and irregular seismic data coverage. The best horizontal Moho resolution is typically inferred from reflection profiles (cf. Kanao et al. 2011 ), but such technique is expensive, and thus not widely used. The Moho detection from a two-way travel time might also be affected by a weak reflectivity. An intermediate spatial resolution could be obtained from a deep seismic sounding based on using refracted and wide-angle reflected waves. The uncertainties of detecting the Moho depth from the wide-angle reflection and refraction methods are typically about 1-2 km. Another technique, which became quite common during the last two decades, is based on inverting the P-or S-wave receiver functions (e.g., Zhu and Kanamori 2000; Hansen et al. 2009 ). An estimated uncertainty of this method is about 3 km. The intermediate-period surface waves are quite sensitive to the crustal thickness, but are not able to discriminate it from the mantle velocity structure, and thus cannot be inverted uniquely (cf. Danesi and Morelli 2001; Kobayashi and Zhao 2004; Ritzwoller et al. 2001) . A wide station spacing and the absence of intraplate earthquakes in Antarctica do not generally allow inverting the short-period surface waves which have a better sensitivity to a shallower density structure. However, surface waves are useful for studying areas where other types of seismic data are not available (such as Antarctic interior).
To interpolate the Moho information over large parts of Antarctica where seismic data are missing, we used the gravity data and additional information about the crustal structure. The Moho depth uncertainties attributed to errors in gravity data are relatively small, because the accuracy of the latest global gravitational models of about ±10 mGal or better is expected globally at a resolution of about 100 km (cf. Pail et al. 2010 Pail et al. , 2011a . However, larger errors in combined global gravitational models (including the GOCO05S) are expected inland of Antarctica due to the absence of gravity information. The most significant is the polar gravity data gap of the GOCE mission of about 6.5 arc-deg, which affects mainly the higher-degree spherical harmonics of the gravity field that are not observed accurately by the GRACE gravity mission. The polar gap problem of the GRACE mission is obviously less significant, because the GRACE orbit has the inclination of about 89.0 arc-deg. Further improvement in the gravity information is expected in the near future due to the availability of new airborne gravity data over Antarctica (see, e.g., Forsberg et al. 2011) . Relatively small errors due to topographic/bathymetric model uncertainties are expected, because these models are also provided with a relatively high accuracy and resolution. Rodriguez et al. (2006) discussed in detail accuracy characteristics of the Shuttle Radar Topography Mission (SRTM) elevations. Comparisons with ground control points, whose elevations were determined independently using kinematic GPS positioning, indicated that the 90% absolute error of the SRTM elevations is typically within ±10 m, depending on a relief. Since large parts of marine areas (particularly with a permanent sea ice)
have not yet been covered by the sounding reflection surveys, the marine gravity data are primarily used to determine bathymetric depths. Although the estimation of errors of the gravimetrically determined bathymetric depths is not simple, it could be expected that most of errors have the origin in uncertainties of the gravity-to-topography transfer function. Apart from these errors, the Moho uncertainties also depend on applied density models. For the computation of topographic gravity correction, we adopted a constant density of 2670 kg m -3 . This density value is often assumed for the upper continental crust and corresponds to a mean density of crystalline and granitic rocks. The density of granitic rocks ranges from 2500 to 2800 kg m -3 , with a mean value about 2670 kg m ). As evident from this variable geological composition, the approximation of the crustal density by a constant value could yield large Moho uncertainties (up to 10%). The Moho uncertainties attributed to the approximation of the seawater density distribution are, on the other hand, much smaller. Maximum errors of the depth-dependent seawater density model (applied to compute the bathymetric stripping gravity correction) are less than 0.6%, while the corresponding average error is only about 0.1% (cf. To account for a large glacial cover in Antarctica, we applied the ice stripping correction to gravity data. The Moho uncertainties due to ice density depend mostly on the accuracy of ice thickness data. Being constructed from data with a variable spatial resolution, the subglacial bedrock uncertainties vary across the continent. Lythe et al. (2001) reported errors typically 150-300 m, with maxima up to about 400 m in regions with rough subglacial bedrock topography. Moreover, parts of the BEDMAP2 data were derived directly from the gravity data (cf. Fretwell et al. 2013) . Hence, the ice thickness information over these regions is influenced by gravity data uncertainties. In addition, the surface elevation model within the polar gap in satellite altimetry coverage may be in error by up to about 100 m. To assess the influence of subglacial bedrock uncertainties on the Moho depth, we assumed errors of ±300 m and estimated the corresponding Moho depth changes. According to our estimates (not shown herein in detail), these uncertainties contribute less than 0.7 km on the Moho depth. Uncertainties due to adopting a constant density of the glacial ice (917 kg m -3 ) mainly depend on a ratio of the firn ice layer and the consolidated glacial ice. Tenzer et al. (2010) estimated that a lower density of the firn ice than the glacial ice density can be accounted for by reducing a total ice thickness not more than 20-25 m. Compared to the total ice thickness and expected uncertainties in the subglacial bedrock topography, this value is negligible. The contribution of the sea ice density, which has large seasonal variations, was not taken into consideration.
The largest Moho errors in the gravimetric solution are expected due to uncertainties of the CRUST1.0 sediment and consolidated crustal layers. Therefore, we used seismic data to improve this model in Antarctica. Our results (in Sect. 3) revealed large modifications in the sediment thickness. The gravity anomaly associated with sedimentary basins can be either positive or negative depending on the overall feature size and strength of the lithosphere during rifting and infill (Karner et al. 2005 ). Since we used fixed subglacial bedrock topography, the depth to geologic basement cannot be distinguished from the surface of sedimentary basins. Whereas a 400-600-m-thick sediment layer causes the Moho uncertainty of less than 0.5 km, the Moho uncertainty of about 1.5 km corresponds to a 3-km-thick layer, while 15-km-thick sediments (found under Filchner-Ronne Ice Shelf) could modify the Moho depth as much as 4 km. However, these values are probably overestimated, because large sediment deposits modify directly the Moho geometry so that a simple linear relation between the sediment and crustal thickness uncertainties is not realistic.
The Moho density contrast of 480 kg m -3 was adopted in our gravimetric inversion, rather than as the difference of the consolidated crust and upper mantle layers, to allow for an increase in the crustal density under confining pressures. The shear-wave velocity studies published by Ritzwoller et al. (2001) and Morelli and Danesi (2004) revealed that the mantle velocity is different in East and West Antarctica and changes with depth. The transition is particularly significant in amplitude and parallel to the Transantarctic Mountains at 80 km depth, and weaker at both shallower and deeper depths. In the uppermost mantle, Ritzwoller et al. (2001) predicted variability throughout Antarctica of no more than ±2% with respect to the 1-D velocity model AK135 (Kennett et al. 1995) . Using the basic equations for the shear-wave velocity, we estimated that the Moho density contrast is everywhere within ±130 kg m -3 of the AK135 predicted upper mantle value of 2976 kg m . Since a spatial distribution of the Moho velocity changes is poorly constrained by the current distribution of passive seismic arrays, we have not tried to simulate it in our model. Instead, we have centered our estimate on a reasonable value for the Moho density contrast and modeled the effect of the predicted variability as an uncertainty around our solution. We adopted a reasonable estimate for the Moho density contrast of 480 kg m -3 and suggested that a 130 kg m -3 envelope around this value is consistent with the work of Ritzwoller et al. (2001) . This variability causes the Moho depth uncertainties within ±1.7 km.
Discussion
The seismic Moho model (Fig. 4) closely resembles the Antarctic geological structure, composed of a variety of tectonic features ranging from the Archean to Cenozoic. The most prominent feature is the contrast between East and West Antarctica. A relatively thick crust of East Antarctic Shield is separated by a thin crust of the continental rift zone from a more complex structure of West Antarctica that is composed by an assemblage of several tectonic blocks of different geological origin and composition.
The crustal thickness of West Antarctica is characterized by a shallow Moho under most of the West Antarctic Rift System, while a regional Moho deepening was detected under the Ellsworth Mountains, the Antarctic Peninsula, and Marie Bird Land. Under the Ellsworth Mountains, with the highest mountain peaks in Antarctica (2-3 km in average), the Moho depth reaches 32-34 km. The Moho relief in the Antarctic Peninsula, with the subglacial elevations reaching 2-3 km, indicates a possible absence of orogenic roots under these Antarctic Andes, with the Moho depth ranging from 34 km (near its margins) to about 38 km (inland). The Moho under Marie Bird Land deepens to 26-30 km, while the ice cover varies also significantly (0-2 km). This lithospheric structure is characterized by a topographic doming likely caused by a localized hot spot activity (Hole and LeMasurier 1994; Winberry and Anandakrishnan 2004) .
The Moho depth under the West Antarctic Rift System is typically shallow with depths mostly within 16-32 km. More pronounced Moho irregularities are under the Ross Sea Ice Shelf (16-24 km) and the Filchner-Ronne Ice Shelf (26-30 km). In central part of the rift zone an additional distinctive feature is recognized under the Bentley Trench, with a deep subglacial relief (to about 2.5 km below sea level), thick ice fill (2-3 km), and the Moho depth 20-22 km. The West Antarctic Rift System is unique among continental rift systems in being associated with low intraplate deformation rates (Wilson et al. 2011) , low seismicity (Winberry and Anandakrishnan 2003; Reading 2007) , thin crust (Winberry and Anandakrishnan 2004) , low viscosity of the mantle (Wiens et al. 2012) , and localized high heat flow (Clow et al. 2012) . Its geological evolution was associated with volcanism occurring since (at least) the Early Cenozoic. According to Behrendt et al. (1991) , the main rifting phase occurred between 105 and 85 Myr, although the episodic extension continued into the Cenozoic. The extension within the rift system has left most of West Antarctica below sea level, except for Marie Byrd Land, Ellsworth Mountains, and parts of the Antarctic Peninsula. Some studies suggest that this represents remains of a continuously propagating rift that started during the Jurassic period when Africa separated from East Antarctica and proceeded clockwise to its present location in the Ross Sea Embayment and West Antarctica. Almost complete absence of recent seismic activity indicates that there is no any undergoing active extension of the rift zone (Cande et al. 2000) , but the Holocene volcanism in the Ross Sea Embayment (Kiele et al. 1983; Blankenship et al. 1993; Behrendt et al. 1991 ) suggests a possible presence of active tectonism in that part of the rift zone.
Although seismic data over some parts of East Antarctica are still sparse, major geological and tectonic features (composed of cratons, shields, subglacial orogens, continental basins, and continental rifts) are clearly recognized in the Moho relief (Fig. 4) and even better manifested in the map of the total consolidated crust (Fig. 8) The gravimetric model for Antarctica (Fig. 12) , comprising also the Moho information under surrounding oceans, revealed the contrast between thin oceanic and thick continental crustal structures, marked by a Moho deepening under continental margins. The largest (offshore) continental crustal extension was detected on both sides of the West Antarctic Rift System between the Weddell Sea Embayment and the Ross Sea Embayment. The contrast between West and East Antarctica is clearly marked by a thin crust of continental rift zone. Another dramatic contrast is seen between the Gamburtsev Subglacial Mountains and Lambert Rift. Here Moho changes rapidly from 58 to only 24 km. In West Antarctica, the Moho regionally deepens under the Antarctic Peninsula, Marie Byrd Land, and partially also under the Ellsworth Mountains. In East Antarctica, the Moho deepens under Dronning Maud Land, the Transantarctic Mountains, and reaches a maximum depth under the Gamburtsev Subglacial Mountains.
Despite overall similarities between our gravimetric and seismic Moho models, some large regional differences between these two models exist (Fig. 13a ). The gravimetric model could not reproduce realistically the Moho at some places, because detailed topographic features and lithospheric density heterogeneities are not fully isostatically compensated. Moreover, the isostatic mass balance depends on the loading and effective elastic thickness, rigidity, rheology of the lithosphere, and viscosity of the asthenosphere, and other geodynamic phenomena (such as plate tectonics, mantle convection, ice sheet dynamics) which are not described by the VMM compensation mechanism defined based on a thin plate lithospheric flexure model (Watts 2001) . The gravimetric solution systematically underestimated the Moho depth under orogens, while overestimating under continental rift zones (Fig. 13a) . A systematic bias between the gravimetric and seismic models might to some extent be also attributed to the (ongoing) glacial isostatic adjustment mainly in the Antarctic Peninsula, because the lithospheric and mantle relaxation due to variations in ice load takes place over timescales 10 5 -10 7 years (Johnson et al. 2000) . The combination of the gravity and seismic data improved significantly the RMS fit of the resulting (combined) Moho model with the seismic one (Fig. 13b ). The combined model also reproduced more closely most of major Moho features that were detected from seismic data. A very close agreement was attained particularly along continental margins and continental rift zones. The misfit between the combined and seismic model systematically increases with Moho depth and reaches maxima of 4.9 km under the Gamburtsev Subglacial Mountains.
Concluding Remarks
The Antarctic tectonic plate consisting of the continental lithosphere of significantly different age, origin, and geological composition is surrounded by the oceanic lithosphere formed along the mid-oceanic rift zones, while oceanic subductions are typically absent, except for the Antarctic tectonic margins with the South American, Scotia, and Shetland plates. Whereas the West Antarctic complex geological structure was formed mainly by the compressional tectonism, the extensional tectonism was a dominant force of forming the West Antarctic Rift System, comprising the continental rift and possibly also a hot spot location (under Marie Bird Land) . Although most of East Antarctica is composed mainly by a stable ancient craton and shield, more detailed geological features include orogens, continental basins, and rifts. These major geological and tectonic features are clearly manifested in the Moho relief presented in this study. The Moho depth in Antarctica has been also modified by volcanism, sediment accumulation, and significant ice load variations, but these temporal variations were out of the scope of this study.
Our results showed that the oceanic crust surrounding Antarctica is typically less than 15 km. The Antarctic continental crustal extension, characterized by a significant Moho deepening under continental margins, is more pronounced along East Antarctic margin where Moho reaches depth typically 30 km or more. In contrast, the Moho under continental margins in West Antarctica is shallower and a thin continental crust (typically 20-30 km) further extends inland along the West Antarctic Rift System, with three distinctive locations under the Ross Sea, Weddell Sea, and the Bentley Trench. The Moho in West Antarctica deepens under Marie Bird Land, the Ellsworth Mountains, and in the Antarctic Peninsula where it reaches maximum depth about 38 km.
The Moho relief in East Antarctica is much more complex than that presented in previous studies. The most pronounced is the well-known Moho deepening under the Gamburtsev Subglacial Mountains. The seismic data analysis revealed that the maximum Moho depth there reaches 58.2 km (while the result from combining seismic and gravity data gave slightly larger value of 62. Our seismic data analysis revealed a much more complex structure of continental sedimentary basins in Antarctica. A maximum sediment thickness up to about 15 km under Filchner-Ronne Ice Shelf differs significantly from the CRUST1.0 model, suggesting a maximum thickness there up to only 5 km. We also demonstrated a complex and inhomogeneous structure of the consolidated crust with an extremely thin continental crust (10-20 km) under Ross Sea and the Ronne Ice Shelf, while reaching maximum thickness of 56 km under the Gamburtsev Subglacial Mountains.
